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Abstract 
Water environment pollution has become a major environmental problem recently. It is an urgent task for mankind to 
improve the wastewater treatment efficiency. Using optimization control technology to wastewater treatment 
processes can help to reduce the operating cost, increase treatment rate, and therefore improve water environment 
quality. Pattern recognition is used in this paper to control the process of biological nitrogen and phosphorus removal 
in SBR. In this way the duration of each reaction phase is limited to the time exactly necessary for the actual loading 
conditions. Simulation results show that the cycle of wastewater treatment process can be significantly shortened 
while the effluent can comply with the integrated wastewater discharge standard. As a result, the process operation is 
more efficient and the energy consumption is reduced. 
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1. Introduction 
Wastewater treatment is a complex reaction process which has physical reaction along with chemical 
and biological reaction, and has the process of phase changing, the transformation and transmission 
process for material and energy. The Sequencing Batch Reactor (SBR) represents a modern approach to 
the requirement of changing process conditions [1]. Unlike the traditional continuous flow activated 
sludge processes, where different reactions are carried out in separated tanks, SBR allows using a single 
tank for the whole process. SBRs are therefore quickly gaining popularity because of their relatively low 
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capital cost. Monitoring and control of sequencing batch reactors (SBRs) is a very active field of research 
nowadays [2].  
Till now, most urban wastewater treatment plants in China are still using the control method of manual 
aeration, timing control or inflow based proportional control. Even if the automatic control has been 
applied, only simple control loops were constructed. The simple automatic control approaches can be 
divided into two kinds. First approach employs dissolved oxygen meter and electric control valve as the 
simple control loop, which is actual one kind of on-off control methods. The second approach is constant 
value control by PID controller, which uses the deviation value between the measured DO concentration 
and the setting value as its input signal. These traditional control methods of dissolved oxygen would 
make DO fluctuate acutely, and meanwhile, the setting value of DO must be maintained at a high level to 
guarantee the safe operation, so the energy consumption is high, and the resource-wasting is serious.  
The quality and quantity of influent wastewater are floating along with season, temperature and 
weather. Meanwhile, wastewater treatment systems have characteristics of high dimensional data and 
strong nonlinearity, as well as the problems of big time lag and some others. Therefore, precise control for 
SBR is still complex for research and practice [3]. A kind of pattern recognition based optimization 
control scheme is designed for SBR wastewater treatment process in this paper. By this way, the 
switching inflexion for each reacting phase can be identified and exact control for SBR can be realized.  
2. Process Description 
The SBR process is characterized by a series of process phases, such as FILL, MIX, AERATE, 
SETTLE, DISCHARGE and IDLE, each lasting for a defined period. Only one reactor exits in a SBR 
process. The regulation of water quality and quantity, the microbiological degradation of organic 
substance, and the separation of the mixed solution are all performed in the same reactor. Microorganisms 
in activated sludge use various organic materials as nutrient. Various environmental conditions, such as 
anaerobic, aerobic and anoxic can occur in the SBR. In the period of anaerobic mix, the phosphate-
accumulating organisms (PAO) decompose poly-phosphate stored in vivo and store poly-hydroxy- 
alkanoates (PHA). The inorganic phosphorus generated by decomposing poly-phosphate release out of the 
PAO, which is called anaerobic releasing of phosphorus. In the aerobic period, the organic carbon in the 
wastewater is oxidized to carbon dioxide and water (that is carbon removal), and ammonia is oxidized to 
nitrate (that is nitrification). At the same time, PAO decompose PHA stored in it, and much energy is 
released to help PAO absorb phosphate and store poly-phosphate in it (that is aerobic absorbing of 
phosphate). The anoxic period, nitrate is reduced to gaseous nitrogen, which is called denitrification. By 
the alternating operation of anaerobic, aerobic and anoxic, the biological removal of carbon, nitrogen and 
phosphorus is fulfilled [4].  
It is necessary to determine a appropriate operation time for each of the three phases for raising 
treatment efficiency and decreasing operation cost. With the help of advanced control schemes, satisfied 
operation status and ideal treatment effect can be achieved [5]. Online measurement of pH and DO are 
widely used in wastewater treatment plants [6]. Measured values of pH and DO can be integrated with 
every reaction step [7]. These two variables are considered as effective control parameters for SBR 
process [8]. Suppose the running period of SBR is 7h, and it running in a mode of timing control with 
fixed time of 1h for inflow, 1h for anaerobic, 2.5h for aerobic, 1.5h for anoxic and 1h for settling and 
discharge. Fig. 1 shows the varying curves of pH and DO running in timing control mode.  
Some rules can be found from the upper profiles. In the end of anaerobic releasing of phosphorus, the 
concentration of phosphorus reach the peak value and pH reach a region of relatively stable values. While 
in the stage of aerobic reaction, when aerobic absorbing of phosphate is over, the concentration of 
phosphorus approach to zero and DO shoots up. When ammonia oxidation is over, the concentration of 
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NOx reach the peak value and DO keep its max values. If these special points can be detected exactly, the 
processing steps can be switched in exact time, and good effect can be brought about on energy saving 
and satisfied effluent quality. 
Fig. 1. Process varying profiles for SBR 
3. Recognition of switching points 
For the recognition of these upper switching points, some work must be done. Fuzzy inference and 
pattern recognition are used [7]. The main steps are shown in Fig. 2. First is signal pre-treatment. pH and 
DO are correlative process variables, so some robust method must be used to filter these process data. 
Wavelet analysis is used in this paper. Wavelet decomposition is first used in signals contains noises, and 
then the bandwidth of these noisy signals is zero setting and wavelet reconstruction is done. Thus a 
district and steady data signal is obtained. The signal after decomposition is shown in Fig. 3 (a). Then 
pHdn and DOdn are differentiated and the change rates which are shown in Fig. 3 (b) can be obtained. 
Feature extraction must be done subsequently. Principal component analysis is used in this paper to 
execute feature extraction from the change rates of pHdn and DOdn. The results are shown in Fig.4.
Replace d(pHdn)/dt and d(DOdn)/dt with d(pHe)/dt and d(DOe)/dt, the dimension of initial data can be 
reduced. After that, cluster analysis is carried out. Fuzzy K-means clustering algorithm is introduction in 
this process [9]. 
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The main principle of this method can be described as follows. Select k initial clustering centres and 
calculate the distances from every sample to these k centres, and find the smallest distance to include the 
samples into the nearest centre, then the value of centre is modified as the mean value of all sample, then 
re-classification is done and new centre is modified. Repeat processes in such a manner until the new 
centre is equal to the last centre. Apply this clustering algorithm to d(pHe)/dt and d(DOe)/dt, the 
clustering result is shown in Fig. 4.
Fig. 2 Main steps of recognizing switching points 
            (a)                                                                                             (b) 
Fig.3 (a) Profiles of pHdn and DOdn; (b) Profiles of d(pHdn)/dt and d(DOdn)/dt 
(a)                                                                                                     (b) 
Fig. 4 (a) Results of feature extraction;   (b) Result of fuzzy clustering    
Fuzzy control system using d(pHn)/dt and d(DOn)/dt as controlled variables is a double input and single 
output system. The control rules are: IF d(pHn)/dt=……and IF d(DOn)/dt= …… then U=…….. According 
signalprocess
denosingwavelet
aldifferenti
nrecognitiopattern
inferencefuzzy
ninstructioswitching
24   Liping Fan and Ying Xie /  Procedia Environmental Sciences  10 ( 2011 )  20 – 25 
to the analysis to DO feature and the operation experience come from real process, the fuzzy control rules 
shown in Table 1 can be set up. 
Table 1 Fuzzy control rules 
There are 49 control rules in the table, each can be expressed as  
ijjiikR U)/dtd(DO)/dtd(pH nn uu   (1)
The fuzzy matrix describing the total control rules is  
**!**
49
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4921
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kRRRRR (2)
In the base of this, the control rule can be constructed as 
RD))/dtd(DO)/dtd(pH(U nn u (3) 
where symbol ‘D ’ denotes fuzzy composite operation. Gravity method is used to judge the real output to 
decide the switching time for every stage. 
4. Simulation results 
A model is needed to evaluate the results of the monitoring strategies. ASM2d is selected to describe 
the SBR system with simultaneous removal of nitrogen and phosphorus. There contains 19 state variables 
and 21 reaction sub-processes in ASM2d.  
The simulation platform of SBR was established on the basis of the typical wastewater biochemistry 
treatment processes, combined with the characteristics of SBR. The simulation was implemented with 
MATLAB programming language. The main program was written with MATLAB language, and the 
biological reactor and the settle process were calculated by the dynamic link library (DLL) subprogram 
compile from C++ program. To call DLL developed with C++ in MATLAB program can save a great 
deal of simulation time. In the process of simulation, the numerical integration was realized by calling the 
solver of ODE45, and the calculation step is 0.1min. 
Two various running mode are simulated in this paper. The first running mode is with timing control 
method, which is a general operation mode with fixed time anoxic, aerobic and anaerobic phases. The 
second running mode is with control method based on pattern recognition described in this paper. The 
operation results for these two kinds of control methods are shown in Fig. 5. It can be seen from the 
figures that all the effluent index of these two control mode can be satisfied. But for mode 2, the running 
time is saved and meanwhile aeration rate is reduced greatly. This means saving in operation energy. By 
the second control approach, the total operation time of the SBR wastewater treatment process is 
shortened and the treatment rate of wastewater can be improved largely. 
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dt/)pH(d n
NB NM NS ZO PS PM PB 
NB NB NB NB NM NM NS ZO 
NM NB NB NM NS NS ZO PS 
NS NB NM NM ZO ZO PS PM 
ZO NB NM NS PS PS PM PB 
PS NM NS ZO PM PM PM PB 
PM NS ZO PS PM PM PB PB 
PB ZO PS PM PB PB PB PB 
25 Liping Fan and Ying Xie /  Procedia Environmental Sciences  10 ( 2011 )  20 – 25 
    (a)                                                                                                 (b) 
Fig.5 (a) Varying profiles in mode 1; (b) Varying profiles in mode 2 
5. Conclusion 
By using pattern recognition technology, the switching points for anaerobic, aerobic and anoxic of 
SBR are found and the system becomes an accuracy control system. With the help of accuracy control, the 
durations for all stages are enough and shortest, and then the operation energy is saved and treatment 
efficiency of WWTP is improved. 
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